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Synopsis 
Eusocial insects have been of interest due to their organisational 
complexity, and have been regarded as an evolutionary enigma, as only one or 
a few organisms in a colony will reproduce, while the rest will forego 
reproduction, and work for the benefit of the colony instead. The study of 
eusociality can broadly be divided into two categories: (a) evolution of 
eusociality and (b) proximate mechanisms involved in maintenance of 
eusociality. The first part was addressed successfully by kin selection theory, 
which remains as the predominantly accepted paradigm till date. The second 
part deals with the proximate mechanisms by which reproductive monopoly is 
maintained in a colony. This thesis deals with the proximate mechanisms 
involved in maintenance of reproductive monopoly. 
There are generally two ways in which reproductive monopoly is 
maintained. Primitively eusocial species generally have dominant and 
aggressive queens who are believed to suppress workers through physical 
aggression, while queens of highly eusocial species are known to use 
pheromonal signalling to maintain their status. Ropalidia marginata is an 
interesting species to study with respect to maintenance of eusociality, as even 
though the species shows characters of primitively eusocial species, R. 
marginata queens are docile and non-interactive and cannot possibly use 
aggression to maintain their status. Recent evidence suggests that the queen 
may be using a pheromone to maintain reproductive monopoly and that the 
Dufour’s gland is likely to be a source of the queen pheromone. Hence the 
chemical composition of the Dufour’s gland needs to be studied in detail. 
Since the queen pheromone is expected to be an honest signal of the fertility 
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status of the queen, correlation between Dufour’s gland composition and 
ovarian development status can be checked to address this idea. 
When the queen is removed from a colony, one of the workers 
(potential queen, PQ) shows high levels of aggression, and if the queen is not 
returned, gradually drops her aggression, develops her ovaries and becomes 
the new queen of the colony over a few days. The PQ presents an interesting 
situation which is reminiscent of typical primitively eusocial species, where 
the queen is the most dominant individual of a colony. Since the PQ will 
finally become a docile queen, it is expected that her aggression should 
gradually decrease and her ovaries increase. It would be interesting to look at 
her Dufour’s gland composition during this transition. PQ could be using 
aggression to maintain her status initially when she does not have the queen 
pheromone, and later, as she develops the pheromone, she no longer needs to 
show aggression.  
It has generally been assumed that one set of chemicals can carry 
multiple information, namely queen signal and colony signal. Since the 
Dufour’s gland is likely to carry the queen signal, it can be tested whether 
Dufour’s gland compounds can convey colony signal in addition to queen 
signal. Using a combination of chemical analysis and bioassay, it can be tested 
whether both caste and colony signals can indeed be conveyed through the 
Dufour’s gland compounds. 
The thesis is divided into three work chapters (chapters 2, 3 and 4), 
which address three different aspects pertaining to attributes of royalty. 
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Chapter 2: Characterisation of the queen pheromone: In this chapter, the 
major focus was on differences between queens and workers in their Dufour’s 
gland compositions. Differences were found based on the entire chemical 
composition, categories of compounds and single compounds as well, showing 
that the Dufour’s gland is indeed a source of the queen pheromone. There was 
no difference between queens and workers in Dufour’s gland size, suggesting 
that even if queen glands are more active, this does not translate into size 
difference. Compounds that differed consistently between queens and workers 
were correlated with ovarian index of queens, suggesting that the queen 
pheromone is an honest portrayal of the fertility status of a queen. Study of 
solitary foundresses reinforces the idea of honest signalling, as solitary 
foundresses were intermediate between queens and workers with respect to 
both Dufour’s gland composition, as well as ovarian development status. 
 
Chapter 3: Transition of potential queen to queen: Potential queens (PQs) 
had poorly developed ovaries and showed high aggression immediately after 
queen removal, and their Dufour’s gland profiles were also similar to those of 
workers. The aggression of PQs decreased as a function of time since queen 
removal, and correlated with this, their ovaries also increased. Their Dufour’s 
gland profiles also became different from workers and came closer to queens 
with passage of time. Since PQs showed higher aggression towards 
individuals who had better-developed ovaries, this suggests that PQs can be 
using aggression to suppress workers initially, when they do not have the 
queen pheromone. Later on, as they develop their ovaries, and also develop 
the queen pheromone, their aggression level falls, which suggests a shift in 
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maintenance of eusociality from “queen control” by aggression to “queen 
signalling” by pheromone, during the queen establishment phase. 
 
Chapter 4: Are caste and colony signals conveyed through the same 
chemicals? Initial statistical analysis showed that perhaps both caste and 
colony signals can be conveyed by the Dufour’s gland compounds, but 
detailed analysis cast some doubt on this, as the Dufour’s gland compounds 
could not be separated into non-overlapping subsets with respect to 
importance in caste and colony discrimination. Hence, how the wasps would 
be able to make such discrimination seemed doubtful, and a bioassay showed 
that the wasps do not make colony discrimination from Dufour’s gland 
compounds, showing that the Dufour’s gland does not carry any colony signal 
in addition to the queen signal. This suggests that the ability to statistically 
differentiate groups of organisms from their chemical profiles does not 
guarantee similar discrimination by the organisms themselves, emphasising 
the need for bioassays using the organisms themselves to resolve such issues. 
 
Overall, it can be concluded that the Dufour’s gland is at least one 
source of the queen pheromone in R. marginata, and queens should have to 
rely heavily on pheromonal signalling to maintain their status, as they are 
otherwise docile and non-interactive individuals. The Dufour’s gland 
compounds also act as honest signals of fertility, as evident from correlation 
between gland compounds and ovaries of queens, and studies on solitary 
foundresses and potential queens. The queen pheromone is also universal, as it 
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is perceived across colonies. An interesting transition in maintenance of 
eusociality (from aggression to pheromone) occurs during the queen 
establishment phase, when the potential queen undergoes transition to become 
a new queen. These features place R. marginata higher than many other 
primitively eusocial species, along the continuum of social complexity, and 
throws light on the evolution of complex and advanced societies from simple 
and primitive societies. 
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